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7KHSUHVHQWZRUNDLPVWRLQYHVWLJDWHWKHXVHRI9HU\+LJK5HVROXWLRQVDWHOOLWHLPDJHU\IRUPDSSLQJIORRGDIIHFWHGDUHDV
7KHFDVHVWXG\LV WKH1RYHPEHUIORRGHYHQWZKLFKRFFXUUHGLQ6DUGLQLDUHJLRQ,WDO\DIIHFWLQJD WRWDORI
SHRSOHDQGNLOOLQJSHUVRQV7KHLQYHVWLJDWHG]RQHH[WHQGVIRUNPDORQJWKH3RVDGDULYHUIURPWKH0DFFKHURQLV
GDPWRWKHPRXWKLQWKH7\UUKHQLDQVHD
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6HYHUDO VWXGLHV KDYH EHHQ HODERUDWHG RQ WKH LPSRUWDQFH DQG DSSOLFDWLRQV RI UHPRWH VHQVLQJ GDWD ZLWK SDUWLFXODU
UHIHUHQFHWRVDWHOOLWHLPDJHVLQWKHILHOGRIGLVDVWHUULVNPDQDJHPHQW5HPRWHVHQVLQJEDVHGDQDO\VHVDUHQRZDGD\V
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,WDO\
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FODVVLILFDWLRQWHFKQLTXHVZHUHWKHQDSSOLHGIRUPDSSLQJWKHDUHDVFRYHUHGE\ZDWHU%\PHDQVRI*,6RYHUOD\RSHUDWLRQ
EHWZHHQHDFK³ZDWHU´FODVVUHVXOWLQJIURPWKHIRXUSURFHGXUHVWHVWHGDQGWKH3RVDGDULYHUYHFWRUOD\HU³IORRGHGDUHDV´
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ZDVUDGLRPHWULFDOO\FDOLEUDWHGLQRUGHU
WRFRQYHUWWKH'1YDOXHVLQWR7RSRI$WPRVSKHUH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ZDV DFKLHYHG7KH RUWKRUHFWLILHG LPDJHZDV WKHQ
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FRORXUIDOVHFRORXUVWDQGDUGDQG1'9,LPDJHVZHUHSDUWLFXODUO\XVHIXOIRUWKHLGHQWLILFDWLRQRIWKHVHFODVVHV
7KHSL[HOEDVHG0D[LPXP/LNHOLKRRGDOJRULWKPLPSOHPHQWHGLQ(19,ZDVVHOHFWHGIRUWKHFODVVLILFDWLRQ7KHIRXU
EDQGV RI WKH 6327  DQG WKH 1'9, ZHUH FRQVLGHUHG DQG D SUREDELOLW\ WKUHVKROG HTXDO WR  ZDV VHW $IWHU WKH
FODVVLILFDWLRQSURFHVV³WXUELGZDWHU´³VDOWZDWHU´³ZDWHUGDP´DQG³ZHWODQG´FODVVHVZHUHPHUJHGLQDVLQJOH³ZDWHU´
FODVV
'RZQORDGHG)URPKWWSVSLHGLJLWDOOLEUDU\RUJRQ7HUPVRI8VHKWWSVSLHGLJLWDOOLEUDU\RUJVVWHUPVRIXVHDVS[
7DEOH0/FODVVLILFDWLRQLQIRUPDWLYHFODVVGHVFULSWLRQ
,QIRUPDWLYHFODVV 'HVFULSWLRQ
7XUELGZDWHU :DWHUZLWKVXVSHQGHGVROLGVDQGVHGLPHQWWUDQVSRUWHJULYHUIORRGHGDUHDV
6DOWZDWHU $UHDVFRYHUHGE\VDOW\ZDWHUHJVHDODNH
:DWHUGDP 0XGG\ZDWHULQFRUUHVSRQGHQFHRIWKH0DFFKHURQLVGDP
:HWODQG $UHDVZLWKKLJKPRLVWXUHFRQWHQWSRWHQWLDOO\IORRGHG
6KDGRZ 6KDGHGDUHDVYHU\GDUN]RQHV
&ORXG &ORXGFRYHU
)LJXUH6SHFWUDOSURILOHVJUHHQIRU³VDOWZDWHU´EOXHIRU³ZDWHUGDP´DQGUHGIRU³WXUELGZDWHU´
%DQGQXPEHU%*51,5
)HDWXUHWKUHVKROGVRQREMHFWV2%-
7KH REMHFWEDVHG VXSHUYLVHG FODVVLILFDWLRQ ZDV SHUIRUPHG RQ WKH 6327  ZLWK WKH VRIWZDUH H&RJQLWLRQ  7KLV
WHFKQLTXH FRQVLVWV LQ WZR SKDVHV WKH VHJPHQWDWLRQ IRU GLYLGLQJ LPDJH LQWR FRQWLQXRXV DQG KRPRJHQHRXV VHJPHQWV
FDOOHG LPDJHREMHFWV DQG WKH FODVVLILFDWLRQ IRU DVVLJQLQJREMHFWV WR GLIIHUHQW FDWHJRULHV E\XVLQJ LQIRUPDWLRQ VXFK DV
WH[WXUHVKDSHDQGFRQWH[W
7KHPXOWLUHVROXWLRQVHJPHQWDWLRQDOJRULWKPDUHJLRQJURZLQJWHFKQLTXHZDVXVHGWRJHQHUDWHWKHLPDJHREMHFWV%RWK
VSHFWUDO DQG VKDSH KHWHURJHQHLW\ ZHUH WDNHQ LQWR DFFRXQW WKURXJK XVHUGHILQHG FRORXU DQG VKDSH SDUDPHWHUV $
PXOWLOHYHODSSURDFKZDVSHUIRUPHGSURGXFLQJHDFKVXSHULRUREMHFWV OHYHOE\XVLQJDKLJKHUVFDOHSDUDPHWHU7KHDLP
ZDVWKHJHQHUDWLRQRIWKH³RSWLPL]HG´OHYHOLHDQREMHFWOHYHOZKLFKFRPSULVHVODUJHVHJPHQWVLQKRPRJHQHRXVDUHDV
HJIORRGHGDUHDVRXWFURSVODUJHYHJHWDWHGDUHDVEDUHVRLODQGGLVWLQFWLYHO\VPDOOHULPDJHREMHFWVUHSUHVHQWLQJVPDOO
VFDOHVWUXFWXUHVHJEXLOGLQJVWUHHVURDGVHWFDQGKHWHURJHQHRXVUHJLRQV&ODVVLILFDWLRQUXOHVZHUHWKHQDSSOLHGDW
WKH³RSWLPL]HG´OHYHOLQRUGHUWRGHWHFWDUHDVFRYHUHGE\ZDWHU1'9,%ULJKWQHVVDQGEOXHEDQGWKUHVKROGLQJZHUHXVHG
WRFODVVLI\³ZDWHU´FODVVREMHFWV$VKDSHUXOHZDVDSSOLHGWRUHILQHWKHUHVXOWVYHU\VPDOOREMHFWVEHORQJLQJWR³ZDWHU´
FODVVZHUHDVVLJQHGWRWKHXQFODVVLILHG
,62'$7$RQREMHFWV,62REM
7KHPXOWLOHYHOVHJPHQWDWLRQDSSURDFKIROORZHGLQWKH2%-SURFHGXUHZDVSHUIRUPHGWRREWDLQWKH³RSWLPL]HG´OHYHO
IRU HDFK 6327 EDQG 7KH VHJPHQWHG EDQGVZHUH H[SRUWHG DV UDVWHU ILOH LQ RUGHU WR EH SURFHVVHG E\PHDQV RI WKH
,62'$7$FODVVLILFDWLRQ7KHUHIRUHWKHXQVXSHUYLVHGFODVVLILFDWLRQZDVDSSOLHGRQWKHLPDJHREMHFWVFKDUDFWHUL]HGE\
WKHDYHUDJHUHIOHFWDQFHYDOXHIRUHDFKEDQG$GHFLVLRQWUHHDSSURDFKEDVHGRQEOXHDQG1'9,EDQGVZDVSHUIRUPHGWR
'RZQORDGHG)URPKWWSVSLHGLJLWDOOLEUDU\RUJRQ7HUPVRI8VHKWWSVSLHGLJLWDOOLEUDU\RUJVVWHUPVRIXVHDVS[
UHILQH WXUELG ZDWHU DQG ZHWODQGV LPDJH REMHFWV VHFWLRQ  (19,  VRIWZDUH ZDV XVHG IRU WKLV FODVVLILFDWLRQ
SURFHGXUH
 &RPSDULVRQZLWKLQGHSHQGHQWGDWD
7RHYDOXDWHWKHFODVVLILFDWLRQPHWKRGVLQWHUPRIDUHDDQGSURFHVVLQJWLPHWKHIORRGPDSVUHVXOWLQJIURPVXSHUYLVHGDQG
XQVXSHUYLVHGFODVVLILFDWLRQWHFKQLTXHVZHUHFRPSDUHGZLWKWKHJUDGLQJPDSSURGXFHGE\WKH&RSHUQLFXV(06)LJXUH

7KLVFRPSDULVRQZDVSHUIRUPHGLQ*,6HQYLURQPHQW8VLQJDQLQWHUVHFWLRQRSHUDWLRQEHWZHHQWKHFODVVLILFDWLRQUHVXOWV
DQGWKHIORRGGDPDJHJUDGLQJOD\HU³IORRGHGDUHDV´FRKHUHQWO\LGHQWLILHGZHUHHYDOXDWHGLQWHUPVRIH[WHQW7KHVDPH
SURFHGXUHZDVSHUIRUPHGWRTXDQWLI\³QRWIORRGHGDUHDV´FRUUHFWO\UHFRJQL]HGFRUUHVSRQGLQJWRQRGDPDJH0RUHRYHU
FRPPLVVLRQDQGRPLVVLRQSDUDPHWHUVZHUHFRPSXWHG%\WKHUDWLRRIWKH³FRUUHFWO\´FODVVLILHGDUHDHTXDOWRWKHVXPRI
WKHIORRGHGDQGQRWIORRGHGDUHDVSURSHUO\LGHQWLILHGDQGWKHH[WHQWRIWKHVWXG\DUHDWKHRYHUDOODFFXUDF\YDOXHVZHUH
FDOFXODWHG IRU WKH GLIIHUHQW FODVVLILFDWLRQ UHVXOWV LQ WKLV FDVH WKH\ PXVW EH VLPSO\ LQWHUSUHWHG DV D PHDVXUH RI WKH
DJUHHPHQWEHWZHHQWKHFODVVLILFDWLRQVDQGWKHLQGHSHQGHQWGDWDVRXUFH
7KHV\PPHWULFDOGLIIHUHQFHRSHUDWLRQH[HFXWHGEHWZHHQIORRGHGDUHDVH[WUDFWHGE\WKHFODVVLILFDWLRQVDQGDIIHFWHGDUHDV
RQWKHGDPDJHJUDGLQJPDSDOORZHGWRDVVHVVFRPPLVVLRQHUURUIRUHDFKFODVVLILFDWLRQ,QSDUWLFXODUWKLVSDUDPHWHUZDV
FRPSXWHGDV WKHUDWLREHWZHHQ WKHUHVXOWVRI WKHV\PPHWULFDOGLIIHUHQFHDQG WKH³IORRGHGDUHDV´FRUUHFWO\GHWHFWHG$
VLPLODU SURFHGXUH ZDV SHUIRUPHG IRU WKH RPLVVLRQ HUURU LW ZDV FDOFXODWHG E\ GLYLGLQJ WKH V\PPHWULFDO GLIIHUHQFH
EHWZHHQ DIIHFWHG DUHDV RQ WKH &RSHUQLFXV (06 PDS DQG WKH ³IORRGHG DUHDV´ RQ HDFK FODVVLILFDWLRQ ZLWK WKH WRWDO
DIIHFWHGDUHDV>@
7DEOH$IIHFWHGDUHDVLQWKHGDPDJHJUDGLQJPDS
DIIHFWHGDUHDV
NP 
KLJKO\DIIHFWHG 
PRGHUDWHO\DIIHFWHG 
QRWDIIHFWHGDUHDV
NP 
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 ,PDJHFODVVLILFDWLRQIORRGHGDUHDV
)LJXUHDQG)LJXUHVKRZWKHIORRGPDSVUHVXOWLQJIURPHDFKFODVVLILFDWLRQWHFKQLTXH)ORRGDIIHFWHGDUHDVLGHQWLILHG
E\HDFKFODVVLILFDWLRQDSSURDFKDUHOLVWHGLQ7DEOH
,QWKH0/,62DQG,62REMPDSVVRPHSL[HOVEHORQJLQJWRVWUHHWVRUEXLOGLQJVKDGRZVZHUHDVVLJQHGWRIORRGVFODVV
8VLQJJHRPHWULFLQIRUPDWLRQ2%-FODVVLILFDWLRQDOORZHGWRDYRLGVRPHRIWKHVHPLVFODVVLILFDWLRQHUURUV,QJHQHUDO2%-
FODVVLILFDWLRQVHHPVWRZRUNEHWWHUWKDQWKHRWKHUWHFKQLTXHVLQXUEDQDUHDV
&ODVVLILFDWLRQ UHVXOWV LQ FRUUHVSRQGHQFH RI WKH GDPDJHG HPEDQNPHQW SURYH WKDW ERWK SL[HO DQG REMHFWEDVHG
FODVVLILFDWLRQWHFKQLTXHVGHWHFWHGZHOOWKHIORRGHGDUHDVZKHUHODQGLVFOHDUO\FRYHUHGE\ZDWHU
)LJXUH)ORRGHGDUHDVGHWHFWHGE\PHDQVRI,62'$7$OHIWDQG
0D[LPXP/LNHOLKRRGULJKWFODVVLILFDWLRQV
'RZQORDGHG)URPKWWS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KWWSVSLHGLJLWDOOLEUDU\RUJVVWHUPVRIXVHDVS[
)LJXUH)ORRGHGDUHDVGHWHFWHGE\PHDQVRIREMHFWEDVHGFODVVLILFDWLRQOHIWDQGWKH
FRPELQHGREMHFWEDVHGDQG,62'$7$DSSURDFKULJKW
7DEOH)ORRGHGDUHDVIRUHDFKFODVVLILFDWLRQDSSURDFK
&ODVVLILFDWLRQ IORRGHGDUHDVNP
QRIORRGHGDUHDV
NP
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 5HVXOWVRIWKHFRPSDULVRQZLWKLQGHSHQGHQWGDWD
)LJXUHDQG)LJXUHVKRZWKHFRPSDULVRQEHWZHHQ&RSHUQLFXV(06PDSDQG,62DQG0/FODVVLILFDWLRQVDQG2%-DQG
,62REMDSSURDFKHVUHVSHFWLYHO\
)ORRGV ³FRUUHFWO\´ GHWHFWHG DQG FRPPLVVLRQ DQG RPLVVLRQ HUURUV LQ WHUPV RI DUHD NP DUH OLVWHG LQ 7DEOH 2%-
DSSURDFK DFKLHYHG WKH KLJKHVW YDOXHV IRU IORRGHG DUHDV FRUUHFWO\ GHWHFWHG IROORZHG E\ WKH ,62REM DSSURDFK 7KHVH
FODVVLILFDWLRQWHFKQLTXHVUHVXOWHGLQKLJKHUFRPPLVVLRQDQGORZHURPLVVLRQLQUHVSHFWWRWKHSL[HOEDVHGDSSURDFKHV
6LPLODU DFFXUDF\ SDUDPHWHUV )LJXUH ZHUH REWDLQHG IRU DOO WKH UHVXOWV ERWK SL[HO DQG REMHFWEDVHG FODVVLILFDWLRQ
WHFKQLTXHVFDQEHHIIHFWLYHO\XVHGWRSURFHVV9+5VDWHOOLWHLPDJHIRUIORRGPDSSLQJSXUSRVH
,QD FRQWH[WRI UDSLGPDSSLQJ FRPPLVVLRQHUURUVSURGXFH IDOVH³DODUP´ WKDW LQSRVWFODVVLILFDWLRQFDQEH UHGXFHGE\
SKRWRLQWHUSUHWDWLRQ+RZHYHURPLVVLRQHUURUVDUHPRUHGLIILFXOWWRGHWHFW,QRUGHUWRFKDUDFWHUL]HWKHRPLVVLRQHUURUV
WKHIORRGHGDUHDVQRWGHWHFWHGE\HDFKFODVVLILFDWLRQZHUHRYHUODLGZLWKWKHGDPDJHJUDGLQJPDS2PLVVLRQHUURUPDLQO\
RFFXUUHGLQFRUUHVSRQGHQFHRIPRGHUDWHO\DIIHFWHGDUHDV7DEOHFRQILUPLQJWKDWDOOWKHFODVVLILFDWLRQVGHWHFWZHOOWKH
IORRGHGDUHDVZKHUHODQGLVFRPSOHWHO\FRYHUHGE\ZDWHULHKLJKO\DIIHFWHGDUHDV
)LJXUH)ORRGHGDUHDVFRUUHFWO\GHWHFWHGDQGFRPPLVVLRQDQGRPLVVLRQUHVXOWLQJIURP
,62'$7$OHIWDQG0D[LPXP/LNHOLKRRGULJKWFODVVLILFDWLRQV
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9+5VDWHOOLWHLPDJHVDUHVXLWDEOHIRUSLQSRLQWLQJORFDWLRQVDQGGDPDJHVDIWHUDIORRGHYHQW,QWKLVZRUND6327LPDJH
ZDVSURFHVVIRUIORRGPDSSLQJSXUSRVHE\XVLQJGLIIHUHQWFODVVLILFDWLRQWHFKQLTXHVWKDWZHUHFRPSDUHGLQWHUPVRI
UHVXOWV
,Q JHQHUDO VXSHUYLVHG FODVVLILFDWLRQ WHFKQLTXHV DUH FRQVLGHUHGPRUH DFFXUDWH WKDQ WKH XQVXSHUYLVHG5HVXOWV VKRZHG
KRZHYHU WKDWERWKWKHDSSURDFKHVFDQEHHIIHFWLYHO\XVHGWRSURFHVV9+5VDWHOOLWHLPDJHIRUWKHGHWHFWLRQRIIORRGHG
DUHDV DIWHU DQ H[WUHPH HYHQW ,Q IDFW ZKHQ FRPSDULQJ WKH UHVXOWV ZLWK DQ LQGHSHQGHQW PDS VLPLODU RPLVVLRQ DQG
FRPPLVVLRQHUURUVZHUHREWDLQHG
$XWRPDWLF XQVXSHUYLVHG SURFHGXUHV UHTXLUHG D SURFHVVLQJ WLPH VLJQLILFDQWO\ VKRUWHU LI FRPSDUHG WR WKH VXSHUYLVHG
WHFKQLTXHV DQ LPSRUWDQW FKDUDFWHULVWLF GXULQJ WKH SRVWHYHQW SKDVHV ZKHQ GHWDLOHG DQG XSWRGDWH LQIRUPDWLRQ FDQ
VXSSRUWWKHHPHUJHQF\DFWLYLWLHVVXFKDVHYDFXDWLRQUHVFXHDQGQHHGVDVVHVVPHQWDQGGDPDJHVHVWLPDWLRQ
2EMHFWEDVHGWHFKQLTXHVDSSHDUHGVOLJKWO\EHWWHUWKDQWKHSL[HOEDVHGLQWHUPRIRYHUDOODJUHHPHQWZLWKWKHLQGHSHQGHQW
GDWD,WLVZRUWKWRPHQWLRQWKDWWKHSURFHVVWUHHGHYHORSHGIRUWKHREMHFWRULHQWHGDSSURDFKVHOHFWLQJIHDWXUHWKUHVKROGV
PLJKWEHDSSOLHGRQRWKHU9+5LPDJHV0RUHRYHUWKHFRPELQHGREMHFWEDVHGDQG,62'$7$DSSURDFKFDQEHDWLPH
UHGXFLQJDOWHUQDWLYHZLWKUHIHUHQFHWRWKHUXOHVVHOHFWLRQDQGWKHWKUHVKROGVGHILQLWLRQ
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